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PART  I  MAHQANESE-ZINC  FERRITES 


sEsimj 

Effeot  of  Vibration  or  ^o,  Q,  and  Temperature  Coefficiant  of 

£fl£ffiftabiiUtiE _ _ _ 

Certain  production  and  experimental  materials  ware  subjected 
to  a  vibration  test.  V o ,  Q  and  temperature  curve  measurementa 
were  made  before  and  after  10  and  100  minutes  vibration.  No 
significant  effect  on  these  properties  was  observed  that  could 
be  ascribed  solely  to  vibration. 

time  Dependence  of Temperature  Coefficient  of  Permeability 

Certain  production  and  experimental  materials  were  measured 
over  a  24  hour  period  at  each  of  three  different  temperatures. 
Although  changes  in  permeability  were  noted  after  each  24  hour 
period,  no  evidence  was  obtained  to  indicate  that  the  slope  of 
the  temperature  curve  had  changed. 

ssfiiian  ,b 

The  annealing  study  initlslly  presented  in  Report  No,  56  hee 
been  continued  during  this  past  quarter  but  will  not  b#  dia- 
cussed  until  the  next  report. 


PART  II 


KICKEL-SIIIC  FERRITES 


SECTION  A 

Effect  of  Vibration  on  ^o,  Q,  and  Temperature  Coefficient  of 

tBnuabiLUta _ _ _ _ 

Certain  production  and  experimental  materials  were  subjected 
to  a  vibration  test.  Q  and  temperature  curve  measurements 

were  made  before  and  after  10  and  100  minutes  vibration.  No 
significant  effect  on  these  properties  waa  observed  that  could 
be  ascribed  solely  to  vibration. 

Time  Dependence  of  Temperature  Coefficient  of  Permeability 

Certain  production  and  experimental  materials  were  measured 
over  a  period  of  24  hours  at  each  of  three  diferent  temperatures. 
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ABSTRACTS 
(continued ) 


Although  changes  in  permeability  were  noted  after  each 
24  hour  period  no  evidence  waa  obtained  to  indicate  that 
the  slope  of  the  temperature  curve  had  ohanged. 

sect  I0M..B 


Investigation  of  the  Effects  ef  Particle  and  drain  Site 
on  MoQ,  Tenperature  Coefficient  and  Dieaaoommodation  of 


The  study  on  Ni-Zn  ferrites  presented  in  Report  No,  56, 
Section  V  of  Part  II,  was  continued.  Temperature  ineffi¬ 
cient  data  waa  obtained  for  material  MF  9002  and  no  im¬ 
provement  over  MF  9001  was  noted.  Diseooommodation  data 
on  MF  9002  waa  also  obtained  and  here  significant  improve¬ 
ment  waa  noted  over  MF  9001.  Chemical  analysis  of  MF  9002 
waa  completed  and  the  amount  of  Iron  milled  into  this 
material  waa  found  to  be  leas  than  the  amount  of  iron 
milled  into  MF  9001*  Chemical  analysis  of  MF  9001-A.64 
hour  milling  and  128  hour  milling,  waa  also  completed  and 
the  formulas  obtained  from  the  analysis  agree  quite  close¬ 
ly  with  the  formula  for  MF  9001,  64  hour  milling,  Thla  ex¬ 
plains  in  part  the  similarity  of  properties  found  previous¬ 
ly.  Material  MF  9003  waa  mada  and  several  measurements  of 
*0  and  Q  were  taken.  This  data  will  bs  completed  and  pre¬ 
sented  in  the  next  report. 


FART  I  -  Mn-2n  FERRITES 


S££TI0]LA 

EFFECT  OF  VIBRATION  ON  ^o,  Q  AND  TEMPERATURE  COEFFI¬ 
CIENT  OF.. PERMEABILITY _ 


During  the  past  quarter,  at  the  request  of  USAELRDL, 
oertain  production  and  experimental  materials  were  subjected 
to  a  limited  scope  vibration  test.  It  was  hoped  that  some 
insight  would  be  gained  regarding  the  stability  of  these 
materials  after  being  subjected  to  a  stress  of  this  sort. 
Ordinarily,  specifications  call  for  vibration  teats  at  various 
frequencies  and  for  varying  periods  of  time.  Our  test,  how¬ 
ever,  was  limited  to  one  frequency.  The  equipment  used  was 
a  standard  laboratory  vibration  mill  which  has  a  frequency  of 
vibration  of  approximately  45  cycles  per  second.  The  camples 
to  be  vibrated  were  attached  with  masking  tape  to  the  outside 
of  the  milling  Jars.  Two  time  periods  were  used  for  the 
vibration  tests,  10  minutes  and  100  minutes. 

The  samples  sslected  for  the  test  were  the  produc¬ 
tion  material  TC-5  and  the  experimental  materials  MF-8433-1, 
MF-8433-2,  VF-8644-I  and  MF-8644-A.  These  samples  were  first 
measured  for  Po  and  Q  at  100,  200  and  400  kc/s  and  then  measured 
at  100  ko/a  to  determine  their  temperature  coefficient.  After 
these  measurements  the  samples  were  vibrated  for  10  minutes 
and  remeasured  for  **o,  Q  and  temperature  coefficient;  then 
they  were  vibrated  for  100  minutes  and  remeasured. 

Oiraph  70  5  shows  the  results  of  this  vibration  test 
on  the  >*oQ  product  at  various  frequencies.  The  initial,  10 
and  100  minute  curves  for  each  material  are  practically  super¬ 
imposed.  Very  little  change  is  observed.  In  addition  to  the 
graph  on  the  ^oQ  product,  the  values  of  ^0  and  Q  are  plotted 
separately  as  a  function  of  frequency  before  and  after  vibra¬ 
tion  and  are  shown  in  graph  706. 

The  temperature  curves  of  these  materials,  shown  in 
graphs  707  through  711 .  reveal  little  differences.  The 
character  of  the  curves  for  each  material  remains  about  the 
same,  with  perhaps  a  slight  displacement  observable,  This 
displacement,  however,  can  hardly  be  ascribed  solely  to 
vibration,  since,  simply  remeasuring  the  materials  without 
first  vibrating  them  could  yield  differences  of  the  same 
magnitude  as  observed  in  these  graphs.  In  general,  this  last 
comment  holds  for  all  results  obtained  on  these  vibration 
tests. 
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TIM*.  IMPENDENCE  OF  TEMPERATURE  COEFFICIENT  OF  PERMEABILITY 


At  the  request  of  USAELRDL  the  permeability  of  certain 
materials  was  measured  over  a  24  hour  period  at  each  of  three 
different,  temperatures .  Three  Hn-2n  type  materials  were  included 
in  this  test,  the  production  material  TO-5,  and  the  experimental 
materials  MF-8433-2  and  MF-8644-4.  These  materials  were  initially 
demagnetised  and  then  placed  in  the  temperature  chamber  at  25°C. 
They  were  allowed  20  minutes  to  adjust  to  the  temperature  and 
then  measured.  After  this  initial  measurement  the  samples  were 
held  at  25°C  for  24  hours  and  remeasured.  The  temperature  of 
the  chamber  was  then  raised  to  50°C  and,  after  allowing  20 
minutes  for  the  eamples  to  adjust  to  the  temperature,  a  measure¬ 
ment  was  taken.  The  samples  were  held  for  another  24  hours  at 
this  temperature,  and  then  another  measurement  was  taken.  The 
chamber  was  then  lowered  to  -40°C,  and  the  same  procedure  as 
above  wee  repeated. 

Table  296  shows  a  tabulation  of  the  results  obtained. 

The  data  clearly  shows  changes  in  the  permeability  values  after 
the  24  hour  period.  This,  of  course,  was  expected,  since  these 
materials  are  known  to  d leaecommodate .  However,  it  ia  question¬ 
able  that  the  temperature  coefficient  itself  has  been  affected, 
since  there  is  no  evidence  from  this  test  that  the  slope  of  the 
temperature  curve  has  changed. 


SECTION  B 


INVESTIGATION  CF  THE  EFFECTS  OF  PARTICLE  AND  CRAIN  SIZE 
ON  M0Q,  TEMPERATURE  COEFFICIENT  AND  DISACCOMMOD AT  ION  CF 
Mn-Zn  FERRITES  .IN.  T HEJ.M&I1ENCY . .RANGE.  1  kc/s  TO  1  mc/s 


The  annealing  study  presented  in  Report  No.  56  has 
been  continued  during  this  past  quarter  but  will  not  be  dis¬ 
cussed  until  the  next  report. 
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PART  II  -  Hl-Zn-FERRITBS 


mM.  a 

EFFECT  OF  VIBRATION  OK  Uo,  Q  AND  TEMPERATE  RE  COEFFICIENT 
OF.  PERMEABILITY _ 


The  vibration  tost  discussed  earlier  in  this  report 
on  page  £  also  concerned  several  Ni-Zn  or  "Q"  type  materials. 
These  materials  vere  Q-l,  Q-2  and  TC-4  (all  production  mate* 
rials),  and  MF-9001-128,  MF-9002-128  and  MF-9003-128  (experi¬ 
mental,  non  cobalt  containing  materials;  the  -128  indieating 
milling  time  in  hours) .  Measurements  were  first  taken  of  k*o 
and  Q  at  the  frequencies  .8,  1.6,  3.2,  6.4  and  12.8  mc/s. 

Then  temperature  coefficient  measurements  were  made  at  the 
frequenoy  of  1  mo/s.  Then  the  procedure  of  vibration  and 
measurement  described  on  page  g,  was  followed. 

The  ^oQ  product  versus  frequency  for  each  vibration 
period  is  plotted  in  graph  712.  Again,  the  curves  show  very 
little  change.  In  graph  713 .  >*o  and  Q  are  plotted  separately 
as  a  funotion  of  frequenoy  before  and  after  vibration. 

In  graphs  71A  through  718 .  the  temperature  curves 
of  Q-l,  TC-4,  MF-9001-128,  MF-9002-128  and  MF-9003-128  are 
shown  with  vibration  period  as  a  parameter.  The  oharaoter  of 
these  curves  for  each  material  is  essentially  the  same,  and 
only  a  slight  displacement  is  observable,  ’’'he  changes  noted 
during  these  vibration  tests  are  not  sufficient,  to  suggest  that 
vibration  has  an  Influencing  effect  on  the  electrical  and  mag- 
netio  properties  of  the  materials  tested. 
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TIME  EEPENCBMCE  OF  TEMPERATURE  COEFFICIENT  OF  PERMEABILITY 


The  test  described  on  page  £  of  this  report  also  included 
s on e  "Q"  type  materials*  Q-l,  TC-4»  MF-9001-12R  and  MF-9002-128. 
The  test  included  two  each  of  the  Q-l  and  TC-4  samples.  All 
samples  were  demagnetised  prior  to  the  test  except  one  Q-l  and 
one  TC-4  sample.  The  results  are  compiled  in  table  296. 

There  are  definite  changes  in  the  permeability  values 
after  24  hours.  Again,  however,  it  is  questionable  that  the 
temperature  coefficient  Itself  hae  been  affected,  since  there 
is  no  evidence  from  this  test  that  the  slope  of  the  temperature 
curve  has  been  ohanged .  This  sort  of  evidence  would  have  to 
come  from  a  temperature  curve  measurement  taken  on  each  of  several 
days. 
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SECTION  .B 

INVESTIGATION  OF  THE  EFFECTS  OF  PARTICLE  AND  GRAIN  SIZE 
ON  ^ oQ.  TEMPERATURE  COEFFICIENT  AND  DISACCOMMODATION  OF 
Ni-2n  FERRITES  IN  THE  FREQUENCY  RANGE,  O.I  TO  $00  MC/S 


Reference  Report  No.  56  (Part  II,  Section  B,  page  2£). 
Material  MF-9002  has  been  further  investigated  and  measurements 
have  been  taken  on  diaaeeommodation,  density,  grain  size,  the 
effects  of  annealing,  and  the  temperature  variation  of  permea¬ 
bility.  This  data  together  with  previously  reported  magnetie 
data  are  compiled  in  table  29-.? . 

Graphs  719  through  726  show  the  change  of  permeability 
with  temperature.  Each  graph  is  for  a  particular  milling  time 
of  the  material  and  contains  several  curves  correspond ing  to 
different  firing  temperatures.  The  first  four  graphs  concern 
materials  oaleined  at  1205°C,  and  the  next  four  ooncern  the 
materials  calcined  at  1260°C.  The  values  of  (AIV4ZAT)  for  the 
"optimum  curves"  materials  (see  Report  No,  56,  page  ar® 
tabulated  below. 


Milling 

Time 

Firing 
Temp . 

iftlftijia 

iAvf 

Firing 
Temp . 

Jalcine 

iiiiTOii.im 

p*AT 

16 

1300°C 

9.8 

1300°C 

13.6 

32 

1250°C 

10.7 

1250°C 

10.3 

64 

1250°C 

17.5 

1250°C 

16.4 

128 

1215°C 

18.1 

1200°  C 

17.4 

The  two  calcining  temperatures  disclose  essentially 
equivalent  results.  In  comparison  with  material  MF-9001  (see 
Report  No.  56,  page  ££)  the  (A^/w^A*4)  values  are  higher  except 
for  the  128  hour  milled  material,  which  has  values  approximately 
the  same. 


Graphs  727  through  730  show  d isaccommodation  curves 
for  MF-9002.  As  found  previously  with  MF-9001,  the  disac- 
commodation  effect  increases  with  Increasing  milling  time. 
Generally,  disaccommodatior  is  lower  for  the  MF-9002  materi¬ 
als  than  for  the  MF-9001  materials.  Particularly,  the  best 
MF-9001  material  showed  a  disaecommodation  value  (A^/N^  per 
decimal  cycle)  of  107.5  ppm,  while  the  best  MF-9002  material 
shows  a  value  of  72.5  ppm.  The  general  decrease  noted  sug¬ 
gests  that  by  Increasing  the  Ni/Zn  ratio  even  more,  still  lower 
diaaeeommodation  values  may  be  obtained,  A  material  with  a 
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higher  Ni/Zn  ratio  haa  been  prepared,  MF-°003,  but  disaccomaodatiom 
values  will  not  be  available  until  the  next  report. 

In  Report  No.  56  the  chemical  analysis  of  MF-9001  was 
discussed.  The  analysis  shoved  that  a  considerable  amount  of  Fe203 
was  incorporated  into  the  oalcined  ferrite  material  during  the 
milling  process.  An  inorease  of  up  to  6  weight  %  was  observed,  and 
this  was  with  the  126  hour  milled  material.  MF-9002  haa  also  been 
chemically  analysed  and  an  increase  in  the  iron  content  with 
extended  milling  haa  again  been  observed.  The  results  of  this 
analyaia  are  presented  in  table  298 .  The  amount  of  milled  in  iron 
ia  aignif icantly  leas  than  observed  before  for  MF-9001,  vis.,  by 
almost  35$.  No  reason  for  this  ia  offered  except  to  say  that  per¬ 
haps  the  amount  of  iron  milled  into  the  calcined  material  is  a 
random  phenomenon  which  results  from  the  fact  that  all  the  factors 
affeoting  the  milling  operation  are  not  strictly  controlled,  e.g., 
temperature,  viscosity  of  mix,  steady ' uninterrupted  milling,  etc. 

The  molar  Ni/2n  ratios  for  the  various  millinga  remained 
fairly  constant  and  averaged  .921  for  the  1205°C  calcine  and  ,969 
for  the  1260°C  calcine.  The  higher  value  of  this  ratio  for  the 
126o°C  oalolne  can  be  explained  by  the  fact  that  at  this  higher 
temperature  a  slightly  greater  loss  of  zlno  was  incurred. 

In  Report  No.  56,  page  the  material  MF-9001-A  was 
discussed.  This  material  was  prepared  to  duplicate  the  formula  of 
MF-9001  except  that  the  iron  content  was  adjusted  so  that  milling 
for  64  hours  would  bring  it  to  ^  50  mol£.  This  experiment  wae 
tried  in  order  to  find  out  what  influence  this  excess  iron  oxide 
had  on  the  properties  of  MF-9001  so  that  a  proper  evaluation  of 
the  effect  of  fine  grain  else  could  be  made. 

A  chemical  analysis  of  MF-9001-A  has  been  completed,  and 
the  results  are  compiled  in  table  299 .  The  analyaia  showed  an 
iron  content  vhioh  ia  quite  close  to  that  obtained  for  MF-9001, 
l.e.,  the  64  and  128  hour  milled  material  of  MF-°001-A  showed  an 
iron  content  eloae  to  that  for  the  64  hour  milled  material  of 
MF-9001,  e.g., 

Milling  Fe203  (wt$) 

Time _ MF-9001  MF-9001  -A 

64  70.21  69.72 

128  73.06  71.20 

Thie  explaine  why  the  results  found  for  both  millings  of  MF-9001-A 
were  so  close  to  those  found  for  MF-9001,  64  hour  milling.  An 
examination  of  the  weights  of  material  used  for  the  starting  mate¬ 
rial  of  MF-9001-A  revealed  that  it  was  quite  close  to  MF-9001. 

This  means  that  the  deficiency  in  iron  thought  to  be  introduced 
actually  was  not.  This  leaves  the  queetion  still  open  concerning 
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the  excess  iron,  and  It  is  expected  that  this  will  be  resolved 
during  the  next  quarter. 

During  the  past  quarter  material  MK-9003  was  prepared, 
and  sons  Po  and  Q  measurements  were  taken.  These  measurements 
are  not  yet  complete,  but  they  will  be  completed  during  the  next 
quarter.  Also,  temperature  coefficient  and  disaccommodation 
measurements  will  be  taken. 

A  summary  of  best  results  in  the  2-12  mo/s  range  la 
listed  below. 


Q-l  MF-9001  MP-9002 


1205°C  Oaloine  1205<>C  Calcine 
128  hour  Billing  128  hour  milling 


2  me/a  12  mc/a 

2  mo/a  12  mc/e 

2  mo/s  12  me/s 

*0 

169  210 

195  250 

180  220 

Q 

190  20 

149  8.2 

158  12.7 

M0Q 

32,000  4 1 200 

29,000  2,050 

28,500  2,800 

uur 

(mo/a) 

6.1 

5.1 

6.8 

P0Q- 

UUF 

91,500 

81,000 

83,000 

u 

0 

OS 
H  II 

$z? 

710 1 

340011 

330011 

c 

e 

4.81 

17. 411 

18. I11 

«j 

f-1 

U 

> 

c 

V 

l*o  * 

1.7 

2.0 

1.3 

140.5 

107.5 

72.5 

Q 

(ppm) 

i.  -30°C  to  90° C  (A**AaT  -  9000  from  -60°C  to  -30°C) 
ii.  -60°C  to  90° C 


PARS  -III 


RESEARCH  PLANNED-FQR  NEXT  SHAKIER 


?art  i  Ma-.tn..rarrltn 

A.  No  futura  work  will  be  done  in  this  seotion. 

B,  The  annealing  study  presented  in  Report  No.  56,  Section 
B  of  Part  II  will  be  continued. 


Part  II 

A.  Variations  of  MP«9002_wlll  be  made  using  niekel  compounds 
of  differing  reactivity.  Short  Billing  periods  and 
production  ki Ini  for  firing  will  bi  utilised.  It  if 
desired  to  eee  if  these  preparative  techniques  can  yield 
a  Baterlal  better  than  MF-9002,  which  requires  long 
Billing  to  obtain  optiauii  properties. 

B.  Material  MF-9003  will  be  further  studied  in  regards  to 
temperature  oosffiolant  and  dlsacoonmodation*  firing 
tiae  and  annaaling  ties  axperinents  will  be  conductad. 
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PART  IV 


MANHOURS  SPENT  ON  CONTRACT  FOR  THE  PERIOD 


1  SEPTEMBER  lt&LIO  30  NOVEMBER  .1963 


NAME 

TITLE 

HOURS 

E.  Schwab# 

Phyaieiat  -  Supervisor 

158 

K.  Wet B#1 

Cheat  let 

440 

C.  O'Neill 

Chemist 

460 

B.  Sullivan 

Ceraitlc  Engineer 

477-1/2 

S.  Golian 

Ceramic  Engineer 

78 

K,  Sivak 

Chemist,  Junior 

243 

C,  Cooper 

Technician 

1-1/2 

J.  Holden 

Technician 

480 

E.  Hozeny 

Technician 

238 

D,  Kinsley 

Technician 

269-1/2 

E.  Kovaee 

Technician 

301-1/2 

C.  Lota 

Technician 

165 

E.  Saatkovekl 

Technician 

199 

M.  Zudonyi 

Technician 

20 

S.  Rubaraki 

Laboratory  Assistant 

2 
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TABULA 


CHEMICAL  ANALYSIS  OP  MATERIAL  MF-9002 
AFTER  CALCININQ  AJ!L  MILLING 

Stirling  Jenriul*  Wt>  I  Jial  I 

p«20,  67.42  50.30 

ZnO  17.25  25.25 
NiO  15.33  24.45 


1203g.C  fillfliBI 


.  GonpoaitJon 

in  wt. 

Coirpoiltlen  in  mol  i 

Milling  Tin*  (hra 

i.) 

Killing  Tin*  (hra 

i.) 

16  32 

64 

128 

16  32 

64 

126 

**2°3 

68.19  69.23 

69.75 

71.20 

51.21  52.42 

53.02 

54.77 

ZnO 

17.17  16.73 

16.37 

15.61 

25.30  24.86 

24.43 

21.55 

NiO 

14.64  14.04 

13.88 

13.19 

23.49  22.72 

22.55 

21.68 

CllfiiM 

-* 

Conpoaitlon 

in  wt . 

% 

Composition 

in  mol 

% 

Milling  Tine  (hra 

.) 

Milling  Time  (hrs 

.) 

16  32 

64 

128 

16  32 

64 

128 

^®2®3 

67.64  68.85 

70.02 

70,96 

50.55  51.94 

53.56 

54.45 

ZnC 

17.06  16.51 

15.89 

15.54 

25.00  24.44 

23.40 

23.40 

NiO 

15.30  14.64 

14.09 

13.50 

24.45  23.62 

23.04 

22.15 

TABLE  299 

CHEMICAL  ANALYSIS  OF  MATERIAL  MF-9001-A 
AFTER  CALCINING  AND  MILLING 
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